Wereport a 50-year-old female who suffered from reversible hypothyroidism accompanied by isolated ACTHdeficiency. There were no findings indicating a complication of autoimmune thyroiditis.
Introduction
Isolated adrenocorticotropin (ACTH) deficiency is a rare cause of secondary adrenocortical insufficiency. Although the pathogenesis of isolated ACTHdeficiency is uncertain in most cases, an autoimmunemechanism may in part, be involved as suggested by the histological evidence of lymphocytic hypophysitis, frequent observation of anti-pituitary antibodies and occasional association with other autoimmune disorders (1) . In isolated ACTHdeficiency, there have been clinical associations with autoimmune thyroiditis characterized by the presence ofautoimmune mechanisms, which is a major etiology of primary hypothyroidism (1) (2) (3) (4) . Some cases have been reported with reversible hypothyroidism in isolated ACTHdeficiency (3) (4) (5) . On the other hand, there is another possibility that cortisol deficiency could directly affect thyroid function; the mechanisms have been discussed in a few reports (5-7). The actual mechanism, however, remains unresolved. Another effect of glucocorticoid on thyroid function is to suppress conversion of thyroxine (T4) to triiodothyronine (T3 On thyroid echo imaging, the thyroid gland was mildly enlarged and the internal echo level was almost isoechoic and homogeneous. Histological findings of the thyroid gland by needle biopsy revealed thyroid follicles of irregular size, but there was no fibrosis or lymphocyte infiltration ( Fig. 1 ). These findings were not compatible with those of autoimmunethyroiditis. In spite of the increase in TSH, the 123I uptake (%) of the thyroid decreased to 13.3% in 24 hours. Iodide-restricted diets in our hospital were sufficient for evaluating thyroidal 123I uptake, which were supported by results of urinary iodide excretion. There was no obvious iodide organiflcation defect because perchlorate discharge test was negative. After replacement of glucocorticoid (hydrocortisone 15 mg daily; 10 mg in the morning and 5 mgin the evening), basal levels and the response to stimulation tests (insulin tolerance test and TRHtest, respectively) of GH and prolactin (PRL) improved (data not shown) (1, 12, 13) . This case, therefore, was diagnosed as isolated ACTHdeficiency accompanied by hypothyroidism. After replacement therapy of glucocorticoid, basal levels of free T4 and TSH ( Fig. 2A) , TSH hyperresponse to TRH (Fig. 3) and the difference between T4 values at 0 and 120 minutes (AT4) as an index of thyroidal response to endogenous TSHstimulated by TSH releasing hormone (TRH) (14) (Fig. 4) restored respectively, and 123I uptake (%) of the thyroid increased to 3 1.2% (24 hours) without any replacement of thyroid hormone. Aside from these, T3 levels decreased and rT3 levels increased contrary to our expectation within a brief period after replacement of glucocorticoid, which seemed to be low T3 syndrome. After a transient interruption (10 days) of replacement of glucocorticoid, T3 and rT3 did, however, return to the levels before replacement. These inverse changes in T3 and rT3 reappeared after resumption of replacement (Fig. 2B ). T3 and rT3 levels, finally, were settled into the normal range after longterm replacement of glucocorticoid.
Discussion
It is well known that the physiological serum level of glucocorticoid is necessary to maintain normal TSHrelease and bioactivity in the pituitary gland. TSH excess before glucocorticoid replacement in adrenal insufficiency may be attributed to direct enhancementof TSHrelease due to chronic cortisol deficiency, and also to a complication of primary hypothyroidism (1, 13). There have been several reports on adrenal insufficiency (isolated ACTHdeficiency and Addison's disease) accompanied by reversible hypothyroidism (1 , 3-8, 15-17) , in which two theories are proposed as the mechanisms of thyroid dysfunction. The first possibility is autoimmune thyroiditis associated with isolated ACTHdeficiency, which may affect thyroid function (4, 15). The improvement of thyroid function after glucocorticoid replacement may be associated with resolution of intrathyroidal autoimmune processes inhibiting thyroid hormone synthesis. Indeed, it is well known that administration of glucocorticoid can clinically improve thyroid function in autoimmune thyroiditis with not only pharmacologically high doses (dexamethasone) (18), but also physiological doses (hydrocortisone), in several reports (4, 7, 15, 16). There has, however, been no evidence whether the physiological doses are sufficient to improve autoimmune processes.
The second possibility is that chronic cortisol deficiency in isolated ACTHdeficiency may directly impair the thyroid response to TSH, synthesis and/or secretion of the thyroid hormone (5, 8, 17, 19, 20) . In the present case, autoimmune mechanismswere not detected at all even on measurement of autoantibodies to Tg and TPOby a highly sensitive radioimmune assay (21) and by histological examination by needle biopsy.
There has been no report of a detailed investigation of the thyroid gland including functional, immunological and histological analyses. After maintenance dose of glucocorticoid replacement, the thyroidal 123I uptake and AT4as an index of thyroidal response to endogenous TSHwere significantly improved as serum thyroid hormone levels became within the normal range, indicating that maintenance dose of glucocorticoid may improve not only TSH release in the pituitary gland (1), but also the response of the thyroid gland to endogenous TSH. It is also reported that glucocorticoid could induce upregulation of expression of TSHreceptor mRNA by in vitro human thyroid studies (22). In the present case, it is confirmed that reversible primary hypothyroidism in isolated ACTHdeficiency was not due to autoimmunethyroiditis, but was mainly due to chronic cortisol deficiency. Only a mild increase ofTSH level after replacement could be due to insufficient doses and/ or periods of glucocorticoid therapy for complete recovery of pituitary-thyroid axis, and also due to any thyroid diseases undetectable even by the detailed examinations. The decrease in TSHand increase in T3 and T4 after admission were observed before replacement therapy, which may be due to the relative amelioration of glucocorticoid deficiency by relieving acute stress (5) . At the early period after glucocorticoid replacement, there was transiently shown inverse changes in T3 and rT3 (decreased T3 and increased rT3), which appeared to be, the so-called, low T3 syndrome. LowT3 syndrome was not shownbefore glucocorticoid replacement in this case and these inverse changes in T3 and rT3 were reproducible by the transient interruption and resumption of glucocorticoid replacement. These results suggest that inverse changes in T3 and rT3 appeared as a transiently limited effect of glucocorticoid even with maintenance doses.
On the other hand, T4 and TSHlevels were unchanged by a brief interruption of replacement therapy, indicating that such a brief interruption could not directly influence the actual thyroid function which was within nearly normal range after chronic replacement of glucocorticoid. It was previously reported (8) that treatment with physiological levels of adrenal steroids do not cause inverse changes in T3 and rT3, which differs from the present results. However, it is generally thought that these inverse changes are pharmacologically (9-1 1 ) rather than physiological effects of glucocorticoid; the peripheral tissues in this patient with long-term deficiency of glucocorticoid may show an excessive reaction even to maintenancedose transiently.
In conclusion, these results indicate that chronic cortisol deficiency may impair thyroid function in several steps : namely, responsiveness to TSH, synthesis and/or secretion of thyroid hormone and also T4 deiodination, even in a patient without obvious autoimmune thyroid diseases. Finally, a follow-up reevaluation of thyroid function is recommended to avoid unnecessary replacement of thyroid hormone a few months after glucocorticoid replacement.
